P
ancreatic ductal adenocarcinoma (PDA) is a deadly disease primarily because of its asymptomatic nature early in the disease process. As a result, the diagnosis is usually not established until the tumor has already become invasive. To improve detection and treatment options for PDA, efforts to better understand the early stages of PDA are clearly warranted. Invasive PDA is believed to arise from a spectrum of preneoplastic mucinous lesions, the most common of which are pancreatic intraepithelial neoplasias (PanINs). Although invasive tumors usually exhibit numerous oncogenic mutations, activating mutations of the Kras gene are already found in early premalignant PanIN lesions. 1 The significance of Kras mutations for PDA initiation has been demonstrated in mice, where induction of a constitutively active Kras allele in embryonic pancreatic progenitor cells induces PanINs and, after a significant latency period, also PDA. 2 Because PanINs display a duct-like morphology and express ductal genes, it has long been thought that PanINs arise from pancreatic ducts. However, recent studies in mice have shown that adult pancreatic ductal cells are surprisingly resistant to Kras-induced neoplastic transformation, whereas acinar cells readily give rise to PanINs in response to Kras activation. [3] [4] [5] These findings have moved acinar cells into the spotlight as a possible cell of origin for PDA and suggest that Kras-induced transformation of acinar cells into duct-like cells is the primary event in PDA initiation. Previous findings showing that the inactivation of genes necessary for acinarto-ductal metaplasia also inhibit PanIN formation 3, 6, 7 support the notion that acinar cells play a major role in tumor initiation. Although acinar cell-derived preneoplastic lesions clearly share morphologic and molecular features with pancreatic ducts, they also express markers characteristic of the gastric epithelium and embryonic pancreatic progenitor cells. 2, 8, 9 Thus, the cellular identity of preneoplastic lesions in the pancreas has remained enigmatic. In this issue of Gastroenterology, studies from DelGiorno et al 10 and Bailey et al 11 show that Kras-induced preneoplastic pancreatic lesions exhibit striking similarity to cells of the pancreatobiliary epithelium. Because pancreatobiliary cells share molecular characteristics with embryonic pancreatic progenitors, adult pancreatic ductal cells, and gastric epithelial cells, these novel findings explain previous observations and shed new light on the cellular identity of preneoplastic lesions in the pancreas.
With the goal of revealing possible heterogeneity in the cell composition of early PanIN lesions, DelGiorno et al 10 performed a meticulous analysis of epithelial growth factor signaling pathway activity in PanIN lesions of mice expressing active Kras in the pancreas. The authors identified a subset of PanIN cells with particularly high levels of epithelial growth factor receptor signaling. These cells could be further distinguished from adjacent cells by a unique arrangement of microfilaments and prominent microvilli on the apical surface. The morphologic features of these cells bear striking resemblance to the characteristics of a specialized cell type, called the tuft or brush cell, which is abundantly found in pancreatobiliary epithelium. 12 Further confirming the identity of these cells as tuft cells, the authors show that established markers of tuft cells, including Dclk1 and acetylated tubulin (AcTub), 13 are present in PanINs. 10 The presence of tuft cells in pancreatobiliary ducts, but not untransformed pancreatic ducts, led the authors to hypothesize that oncogenic Kras could transform acinar cells into a duct-like cell type with pancreatobiliary identity.
The pancreatobiliary duct is formed as the common bile duct from the liver merges with the main pancreatic duct. The pancreatobiliary duct then connects to the duodenum to deliver the contents of the pancreatic and biliary ductal system into the intestine. Developmentally, the pancreatobiliary duct and the pancreas have a common cellular origin and segregation of the 2 cell lineages is dependent on the transcription factor Sox17.
14 Unlike the pancreatic ductal epithelium, the pancreatobiliary epithelium is thought to be slowly renewed from multiple outpockets of pancreatobiliary epithelium containing Pdx1 þ Sox17 þ stem cells, much like stem cells in the intestinal crypts renew the villus epithelium. 15 Supporting the idea that preneoplastic lesions in the pancreas have pancreatobiliary identity, DelGiorno et al 10 found Sox17 and Pdx1 to be expressed in early metaplastic lesions and PanINs of all grades. Furthermore, forced misexpression of Sox17 in acinar cells was sufficient to induce widespread ductal metaplasia and enhanced Kras-induced PanIN formation. Importantly, the Sox17-induced metaplastic lesions also contain tuft cells, suggesting that Sox17 transforms acinar cells into a ductal epithelium that phenocopies most features of the pancreatobiliary epithelium. Together, these comprehensive studies establish that PanINs are formed by an acinar-to-pancreatobiliary cell type conversion, which is induced by Sox17.
In Combined, these 2 studies provide new insight into the tumor cell lineage and development of PDA. 10, 11 The work suggests a model whereby Kras-induced transformation of acinar cells into a pancreatobiliary epithelium is a critical tumor-initiating event (Figure 1 ). The similarity between normal pancreatobiliary ducts and early preneoplastic lesions in the pancreas extends beyond just the expression of a common set of markers. The pancreatobiliary epithelium harbors a stemlike cell population, which has been proposed to be central to normal tissue turnover and injury repair. 15 The study by Bailey et al shows that pancreatic preneoplastic lesions similarly contain a population of cells with clonogenic properties. 11 This suggests that the pancreatobiliary conversion of acinar cells could play a central role in producing cells susceptible to malignant transformation. Although a direct lineage relationship between clonogenic Dclk1 þ AcTub þ cells in preneoplastic PanIN lesions and cancer stem cells still needs to be demonstrated, the presence of Dclk1 þ AcTub þ tumor-initiating cells in human PDA hints at a possible lineage relationship.
Although the proposed lineage model for PDA is intriguing, several unanswered questions remain. The model suggests that Dclk1 
